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HYDANTOIN DERIVATIVES USEFUL AS KV3
INHIBITORS

This application is the U.S. national phase of International
Application No. PCT/GB2011/052414, filed 6 Dec. 2011,
which designated the U.S. and claims priority of GB Appli-
cation No. 1020607.6, filed 6 Dec. 2010, International Appli-
cation No. PCT/EP2010/068946, filed 6 Dec. 2010, GB
Application No. 1109508.0, filed 7 Jun. 2011, and GB Appli-
cation No. 1113757.7, filed 10 Aug. 2011, the entire contents
of each of which are hereby incorporated by reference.

TECHNICAL FIELD

This invention relates to novel compounds, pharmaceutical
compositions containing them and their use in therapy, in
particular in the prophylaxis or treatment of hearing disor-
ders, including hearing loss and tinnitus, as well as schizo-
phrenia, bipolar disorder, epilepsy and sleep disorders.

BACKGROUND TO THE INVENTION

The Kv3 voltage-gated potassium channel family includes
four members, Kv3.1, Kv3.2, Kv3.3, and Kv3.4. Genes for
each of these subtypes can generate multiple isoforms by
alternative splicing, producing versions with different C-ter-
minal domains. Thirteen isoforms have been identified in
mammals to date, but the currents expressed by these variants
appear similar (Rudy and McBain, 2001, Trends in Neuro-
sciences 24, 517-526). Kv3 channels are activated by depo-
larisation of the plasma membrane to voltages more positive
than -20 mV; furthermore, the channels deactivate rapidly
upon repolarisation of the membrane. These biophysical
properties ensure that the channels open towards the peak of
the depolarising phase of the neuronal action potential to
initiate repolarisation. Rapid termination of the action poten-
tial mediated by Kv3 channels allows the neuron to recover
more quickly to reach sub-threshold membrane potentials
from which further action potentials can be triggered. As a
result, the presence of Kv3 channels in certain neurons con-
tributes to their ability to fire at high frequencies (Rudy and
McBain, 2001, Trends in Neurosci. 24, 517-526). Kv3.1-3
subtypes are predominant in the CNS, whereas Kv3.4 chan-
nels are found predominantly in skeletal muscle and sympa-
thetic neurons (Weiser etal., 1994, J. Neurosci. 14, 949-972).
Kv3.1-3 channel subtypes are differentially expressed by
sub-classes of interneurons in cortical and hippocampal brain
areas (e.g. Chow et al., 1999, J. Neurosci. 19, 9332-9345;
Martina et al., 1998, J. Neurosci. 18, 8111-8125; McDonald
and Mascagni, 2006, Neurosci. 138, 537-547, Chang et al.,
2007, J. Comp. Neurol. 502, 953-972), in the thalamus (e.g.
Kasten et al., 2007, J. Physiol. 584, 565-582), cerebellum
(e.g. Sacco et al., 2006, Mol. Cell. Neurosci. 33, 170-179),
and auditory brain stem nuclei (Li et al., 2001, J. Comp.
Neurol. 437, 196-218).

Characterisation of mice in which one or more of the Kv3
subtypes has been deleted shows that the absence of Kv3.1
gives rise to increased locomotor activity, altered electroen-
cephalographic activity, and a fragmented sleep pattern (Joho
etal., 1999, J. Neurophysiol. 82, 1855-1864). The deletion of
Kv3.2 leads to a reduction in seizure threshold and altered
cortical electroencephalographic activity (Lau et al., 2000, J.
Neurosci. 20, 9071-9085). Deletion of Kv3.3 is associated
with mild ataxia and motor deficits (McMahon et al., 2004,
Eur. J. Neurosci. 19, 3317-3327). Double deletion of Kv3.1
and Kv3.3 gives rise to a severe phenotype characterised by
spontaneous seizures, ataxia, and an increased sensitivity to
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the effects of ethanol (Espinosa et al., 2001, J. Neurosci. 21,
6657-6665; Espinosa et al., 2008, J. Neurosci. 28, 5570-
5581).

The known pharmacology of Kv3 channels is limited. Tet-
racthylammonium (TEA) has been shown to inhibit the chan-
nels at low millimolar concentrations (Rudy and McBain,
2001, Trends in Neurosci. 24, 517-526), and blood-depress-
ing substance (BDS) toxins from the sea anemone, Anemonia
sulcata (Diochotetal., 1998, J. Biol. Chem. 273, 6744-6749),
have been shown to selectively inhibit Kv3 channels with
high affinity (Yeung et al., 2005, J. Neurosci. 25, 8735-8745).
In addition to compounds acting directly on Kv3 channels,
agonists of receptors that activate protein kinase A (PKA) and
protein kinase C (PKC) have been shown to modulate Kv3-
mediated currents in specific brain areas, leading to a reduc-
tion in the ability of the neurons to fire at high frequency
(Atzori et al., 2000, Nat. Neurosci. 3, 791-798; Song et al.,
2005, Nat Neurosci. 8, 1335-1342); these studies suggest that
PKA and PKC can specifically phosphorylate Kv3 channels
in a neuron-specific manner, causing a reduction in Kv3-
mediated currents.

Bipolar disorder, schizophrenia, anxiety, and epilepsy are
serious disorders of the central nervous system that have been
associated with reduced function of inhibitory interneurons
and gamma-amino butyric acid (GABA) transmission (Rey-
nolds et al., 2004, Neurotox. Res. 6, 57-61; Benes et al., 2008,
PNAS, 105, 20935-20940; Brambilla et al., 2003, Mol. Psy-
chiatry. 8, 721-37, 715; Aroniadou-Anderjaska et al., 2007,
Amino Acids 32, 305-315; Ben-Ari, 2006, Crit. Rev. Neuro-
biol. 18, 135-144). Parvalbumin positive basket cells that
express Kv3 channels in the cortex and hippocampus play a
key role in generating feedback inhibition within local cir-
cuits (Markram et al., 2004, Nat. Rev. Neurosci. 5, 793-807).
Given the relative dominance of excitatory synaptic input
over inhibitory input to glutamatergic pyramidal neurons in
these circuits, fast-firing of interneurons supplying inhibitory
input is essential to ensure balanced inhibition. Furthermore,
accurate timing of inhibitory input is necessary to sustain
network synchronisation, for example, in the generation of
gamma frequency field potential oscillations that have been
associated with cognitive function (Fisahn et al., 2005, J.
Physiol 562, 65-72; Engel et al., 2001, Nat. Rev. Neurosci. 2,
704-716). Notably, a reduction in gamma oscillations has
been observed in patients with schizophrenia (Spencer et al.,
2004, PNAS 101, 17288-17293). Consequently, positive
modulators of Kv3 channels might be expected to enhance the
firing capabilities of specific groups of fast-firing neurons in
the brain. These effects may be beneficial in disorders asso-
ciated with abnormal activity of these neuronal groups.

In addition, Kv3.2 channels have been shown to be
expressed by neurons of the superchiasmatic nucleus (SCN)
the main circadian pacemaker in the CNS (Schulz and Ste-
imer, 2009, CNS Drugs 23 Suppl 2, 3-13).

Hearing loss represents an epidemic that affects approxi-
mately 16% of the population in Europe and the US (Gold-
man and Holme, 2010, Drug Discovery Today 15, 253-255),
with a prevalence estimated at 250 million people worldwide
(B. Shield, 2006, Evaluation of the social and economic costs
of hearing impairment. A report for Hear-It AISBL:
www.hear-it.org/multimedia/
Hear_It_Report_October_2006.pdf). As life expectancy con-
tinues to increase, so too will the number of people suffering
from hearing disorders. Furthermore, it is believed that mod-
ern lifestyles may exacerbate this burden as the younger gen-
eration ages. Hearing conditions, including tinnitus have a
profound effect on the quality of life, causing social isolation,
depression, work and relationship difficulties, low self-es-
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teem, and prejudice. Voltage-gated ion channels of the Kv3
family are expressed at high levels in auditory brainstem
nuclei (Li et al., 2001, J. Comp. Neurol. 437, 196-218) where
they permit the fast firing of neurons that transmit auditory
information from the cochlear to higher brain regions. Loss of
Kv3.1 channel expression in central auditory neurons is
observed in hearing impaired mice (von Hehn et al., 2004, J.
Neurosci. 24, 1936-1940), and a decline in Kv3.1 expression
may be associated with loss of hearing in aged mice (Jung et
al. 2005 Neurol. Res. 27, 436-440). Furthermore, pathologi-
cal plasticity of auditory brainstem networks is likely to con-
tribute to symptoms that are experienced by many people
suffering from hearing loss of different types. Recent studies
have shown that regulation of Kv3.1 channel function and
expression has a major role in controlling auditory neuron
excitability (Kaczmarek et al., 2005, Hearing Res. 206, 133-
145), suggesting that this mechanism could account for some
of the plastic changes that give rise to tinnitus. More specifi-
cally, a reduction in Kv3-like potassium currents in neurons
of'the dorsal cochlear nucleus has now been observed follow-
ing acoustic trauma in rats, suggesting that reduced Kv3
function could contribute to the pathological process that is
triggered by damaging noise (Pilati et al., 2011, Hearing Res.,
doi: 10.1016/j.hearingres.2011.10.008), and supporting the
hypothesis that positive modulation of Kv3 channels in audi-
tory brainstem nuclei could have a therapeutic benefit in
patients suffering from noise-induced hearing loss. Finally,
Fragile X syndrome and autism are frequently associated
with hypersensitivity to sensory input, including auditory
stimuli. Recent findings suggest that the protein coded by the
FMR-I gene, whose mutation or absence gives rise to Fragile
X syndrome, may directly regulate the expression of Kv3.1
channels in the auditory brainstem nuclei (Strumbos et al.,
2010, J. Neuroscience, in press), suggesting that mis-regula-
tion of Kv3.1 channels could give rise to hyperacusis in
patients suffering from Fragile X or autism. Consequently, we
propose that small molecule modulators of Kv3 channels in
auditory brainstem nuclei could have a benefit in the treat-
ment of disorders of hearing, including tinnitus and auditory
hyper-acuity associated with Fragile X syndrome and autism.

SUMMARY OF THE INVENTION

The present invention provides compounds of formula (I):

@
Ry

\O
\ /%,

R, X/ \
Rs Rus \=2 0
.

N
(6]

Ry Rs

wherein:
R, is H, or C,_jalkyl, halo, haloC,_,alkyl, CN, C, ,alkoxy,
haloC, ,alkoxy;
R, is H, C,_jalkyl, C,_, spiro carbocycly, haloC, ,alkyl or
halo;
R, is H, C, _,alkyl, haloC,_,alkyl, halo; or R is absent;
R,;is H, C,_jalkyl, haloC, ,alkyl, halo; or R, ; is absent;
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4

A is a 5 or 6 membered saturated or unsaturated hetero-
cycle, with at least one O atom; which heterocycle is
optionally fused with a cyclopropyl group to form a
tricycle when considered together with the phenyl;

XisCorN;

Y is CorN;

R,is C,_, alkyl;

Rs is H, Deuterium, C,_, alkyl;

or R, and R can be fused to form C,_, spiro carbocycly;

wherein R, and R; may be attached to the same or a differ-
ent ring atom; and wherein R, may be attached to a fused
ring atom.

Compounds of formula (I) may be provided in the form of

a pharmaceutically acceptable salt and/or solvate. In one
embodiment of the invention a compound of formula (I) is
provided in the form of a pharmaceutically acceptable salt.

The compounds of formula (I) may be used as medica-
ments, in particular for the prophylaxis or treatment of hear-
ing disorders, including hearing loss and tinnitus, as well as
schizophrenia, bipolar disorder, epilepsy and sleep disorders.

Further, there is provided a method for the prophylaxis or
treatment of hearing disorders, including hearing loss and
tinnitus, as well as schizophrenia, bipolar disorder, epilepsy
and sleep disorders by administering to a subject a compound
of formula (I).

Compounds of formula (I) may be used in the manufacture
of'a medicament for the prophylaxis or treatment of hearing
disorders, including hearing loss and tinnitus, as well as
schizophrenia, bipolar disorder, epilepsy and sleep disorders.

Also provided are pharmaceutical compositions contain-
ing a compound of formula (I) and a pharmaceutically accept-
able carrier or excipient.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides compounds of formula (I):

03]
R,

\O
a

R y 7\
Ry Ri3 e 0
<

N
(6]

Ry Rs

wherein:

R, is H, or C,_,alkyl, halo, haloC,_,alkyl, CN, C, ,alkoxy,
haloC, _,alkoxy;

R, is H, C,_,alkyl, C,_, spiro carbocycly, haloC, ,alkyl or
halo;

R; is H, C,_,alkyl, haloC, ,alkyl, halo;

R,;is H, C,_,alkyl, haloC, ,alkyl, halo;

A is a 5 or 6 membered saturated or unsaturated hetero-
cycle, with at least one O atom; which heterocycle is
optionally fused with a cyclopropyl group to form a
tricycle when considered together with the phenyl;

XisCorN;

Y is CorN;

R,is C,_, alkyl;

Rs is H, Deuterium, C,_, alkyl;
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or R, and R, can be fused to form C;_, spiro carbocycly;

wherein R, and R, may be attached to the same or a differ-

ent ring atom; and wherein R, may be attached to a fused
ring atom.

Suitably R, is H or methyl. In one embodiment of the
invention R, is H. In a second embodiment the invention R | is
C, ,alkyl, in particular R, is methyl.

Suitably R, is H, F, methyl, ethyl, isopropyl or a C; spiro
group. In one embodiment of the invention R, is H. In a
second embodiment of the invention R, is C, ,alkyl, in a
particular example of this embodiment R, is methyl, in a
further example of this embodiment R, is ethyl and in another
example of this embodiment R, is propyl (e.g. isopropyl). In
a third embodiment of the invention R, is a C; spiro group. In
a fourth embodiment of the invention R, is a C, spiro group.
In afifth embodiment of the invention R, is halo, in particular
fluoro.

Suitably R is H, F, methyl or ethyl. In one embodiment of
the invention R; is H. In a second embodiment of the inven-
tion R; is C,_, alkyl, in a particular example of this embodi-
ment R, is methyl, in a further example of this embodiment
R, is ethyl. In a third embodiment of the invention R is halo,
in particular fluoro. The skilled person will appreciate that,
depending on the size, presence of heteroatoms and the
degree of unsaturation of the A ring, R; may be absent. Con-
sequently, in another embodiment of the invention R; is
absent.

Suitably, R, may be H, F, methyl or ethyl and R, may be H,
F, methyl, ethyl, isopropyl or C;_, spiro carbocycly. In par-
ticular, R; may be H, F, methyl or ethyl and R, may be H, F,
methyl, ethyl, isopropyl or C; spiro carbocycly. In certain
embodiments R, is H and R, is H, methyl, ethyl, isopropyl or
C,_, spiro carbocycly. In other embodiments, R, is methyl or
ethyl and R, is methyl or ethyl, in one example of this embodi-
ment R, and R, are both methyl (such as attached to the same
ring carbon atom), in a second example of this embodiment
R; and R, are both ethyl (such as attached to the same ring
carbon atom). In further embodiments R; and R, are both
fluoro (such as attached to the same ring carbon atom).

Suitably R ; is may be H, F or methyl. In one embodiment
of the invention R, is H. In a second embodiment of the
invention R,; is C,_, alkyl, in a particular example of this
embodiment R, is methyl. In a third embodiment of the
invention R 5 is halo, in particular fluoro. The skilled person
will appreciate that, depending on the size, presence of het-
eroatoms and the degree of unsaturation of the A ring, R 5
may be absent. Consequently, in another embodiment of the
invention R | ; is absent.

In one embodiment of the invention A is a 5 membered
saturated or unsaturated heterocycle, with at least one O
atom; which heterocycle is optionally fused with a cyclopro-
py! group to form a tricycle when considered together with
the phenyl. In a second embodiment of the invention A is a 6
membered saturated or unsaturated heterocycle, with at least
one O atom; which heterocycle is optionally fused with a
cyclopropyl group to form a tricycle when considered
together with the phenyl.

In certain embodiments the ring A contains one heteroa-
tom. In other embodiments the ring A contains two heteroa-
toms (e.g. two oxygen atoms, alternatively one oxygen atom
and one nitrogen atom).

Suitably, A is dihydrofuran, isoxazole, dihydropyran, 1,3-
dioxolane, 1,3-oxazine or dihydropyran fused with a cyclo-
propyl group. In one embodiment of the invention A is dihy-
drofuran. In a second embodiment of the invention A is
dihydropyran. In a third embodiment the invention A is dihy-
drofuran fused with a cyclopropyl group. In a fourth embodi-

25

30

40

45

50

55

6

ment the invention A is dihydropyran fused with a cyclopro-
pyl group. In a fifth embodiment of the invention A is
dihydrofuran, isoxazole or dihydropyran. In a sixth embodi-
ment of the invention A is dihydrofuran, isoxazole or dihy-
dropyran, fused with a cyclopropyl group. In a seventh
embodiment of the invention A is 1,3-oxazine. In an eighth
embodiment of the invention A is 1,3-dioxolane.

When A contains a 5 membered heterocyle containing one
heteroatom, suitably the oxygen atom is located in the meta
position relative to the phenyl ring.

When A contains a 5 membered heterocyle containing one
heteroatom, suitably the heterocyle is dihydrofuran.

When A contains a 6 membered heterocyle containing one
heteroatom, suitably the oxygen atom is located in the meta
position relative to the phenyl ring.

When A contains a 6 membered heterocyle containing one
heteroatom, suitably the heterocyle is dihydropyran.

When A is a five membered ring, in particular embodi-
ments of the invention one of R,, R; and R, is H and the
others are both methyl, for example one of R,, R; and R, ; is
H and the others are both methyl attached to the same ring
carbon. Alternatively when A is a five membered ring, R, is a
C; spiro group and R, and R, 5 are both H.

When A is a five membered ring fused with a cyclopropyl
group, suitably R, R; and R, ; are all H.

When A is a six membered ring, in particular embodiments
of'the invention one of R,, R; and R, ; is methyl and the others
are both H. Alternatively when A is a six membered ring, R,
is a C; spiro group and R; and R, 5 are both H.

When A is a five membered ring fused with a cyclopropyl
group, suitably R, R; and R, ; are all H.

When A is a six membered ring fused with a cyclopropyl
group, suitably R, R; and R, ; are all H.

In one embodiment of the invention X is CandY isC.Ina
second embodiment of the invention X is NandY is C. Ina
third embodiment of the invention X is N and Y is N.

Suitably, R, is methyl, ethyl, isopropyl or t-butyl. In one
embodiment ofthe invention R, is methyl. In another embodi-
ment of the invention R, is ethyl. In a further embodiment of
the invention R, is propyl, such is isopropyl. In a yet further
embodiment of the invention R, is butyl, such as t-butyl.

Suitably, R5 is H or methyl. In one embodiment of the
invention Ry is H. Ina second embodiment of the invention R
is C,_,alkyl, in particular Ry is methyl.

In one embodiment of the invention R, and R, together
form a C; spiro carbocycle. In a second embodiment of the
invention R, and R, together form a C, spiro carbocycle. Ina
further embodiment of the invention R, is methyl and R, is
methyl. In an embodiment of particular interest, R, is ethyl
and R is methyl.

Suitably, R, and R have the stereochemical arrangement:

In one embodiment of the invention, R is H and the R,
substituent is in the S configuration.

In one embodiment of the invention R, is methyl, Ry is
methyl, X is N andY is C, such as where A is dihydrofuran, in
particular where A is dihydrofuran and R, is H, especially
where A is dihydrofuran, R, is H and R, is a C; spiro group.
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Compounds of formula (I), or any subset thereof including
compounds of formula (Ib) and compounds of formula (Ic)
may optionally be provided in the form of a pharmaceutically
acceptable salt and/or solvate. In one embodiment of the
invention a compound of formula (I) is provided in the form
of a pharmaceutically acceptable salt. In a second embodi-
ment of the invention a compound of formula (I) is provided
in the form of a pharmaceutically acceptable solvate. In a
third embodiment of the invention a compound of formula (I)
is not in the form of a salt or solvate.

In a further aspect, the invention provides a compound of
formula (Ib);

(Ib)

" (@]
\ /.
Ry /\

X
R; O
NJ(
N
o
Ry Rs

wherein:

R, is H, or C,_jalkyl, halo, haloC,_,alkyl, CN, C, ,alkoxy,
haloC, ,alkoxy;

R, is H, C,_,alkyl, C,_, spiro carbocycly, haloC, ,alkyl or
halo;

R, is H, C, ,alkyl, haloC,_,alkyl, halo;

A is a 5 or 6 membered saturated or unsaturated hetero-
cycle, with at least one O atom; which heterocycle is
optionally fused with a cyclopropyl group to form a
tricycle when considered together with the phenyl;

Xis CorN;

Y is CorN;

R,is C,_, alkyl;

Rs is H, Deuterium, C,_, alkyl;

or R, and R, can be fused to form C;_, spiro carbocycly;

wherein R, and R; may be attached to the same or a differ-
ent ring atom; and wherein R, may be attached to a fused
ring atom;

or a pharmaceutically acceptable salt thereof.

Also provided is a compound of formula (Ic)

R N )
R; Y 4(

N

(e)

O

Ry Rs
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wherein:

R, is H, or C,_jalkyl;

R, is H, C,_jalkyl, C,_, spiro carbocycly, haloC,_,alkyl or
halo;

R; is H, C,_,alkyl, haloC, ,alkyl, halo;

A is a 5 or 6 membered saturated or unsaturated hetero-
cycle, with at least one O atom; which heterocycle is
optionally fused with a cyclopropyl group to form a
tricycle when considered together with the phenyl;

XisCorN;

Y is CorN;

R,is C,_, alkyl;

Rs is H, Deuterium, C,_, alkyl;

or R, and R, can be fused to form C,_, spiro carbocycly;

wherein R, and R; may be attached to the same or a differ-
ent ring atom;

and wherein R, may be attached to a fused ring atom;

or a pharmaceutically acceptable salt thereof.

In respect of the compounds of formula (Ib) and (Ic):

In one embodiment of the invention R is H.

In one embodiment of the invention R, is C, ,alkyl. In
another embodiment of the invention R, is methyl.

In one embodiment of the invention R, is H.

In one embodiment of the invention R, is C,_jalkyl. In
another embodiment R, is methyl. In a further embodiment
R, is ethyl. In a yet further embodiment R, is propyl.

In one embodiment of the invention R, is a C; spiro group.

In one embodiment of the invention R is H.

In one embodiment of the invention R; is C,_, alkyl. In
another embodiment of the invention R is methyl.

In one embodiment of the invention A is tetrahydrofuran,
isoxazole or tetrahydropyran.

In one embodiment of the invention A is tetrahydrofuran,
isoxazole or tetrahydropyran, fused with a cyclopropyl group.

In one embodiment of the invention X is Cand Y is C.

In one embodiment of the invention X is Nand Y is C.

In one embodiment of the invention X is N and Y is N.

In one embodiment of the invention R, is methyl. In
another embodiment of the invention R, is ethyl. In a further
embodiment of the invention R, is propyl. In a yet further
embodiment of the invention R, is butyl.

In one embodiment of the invention R is H.

In one embodiment of the invention Ry is C,_jalkyl. In
another embodiment of the invention R is methyl.

In one embodiment of the invention R, and Rs together
form a C; spiro carbocycle.

In one embodiment of the invention R, and R, together
form a C, spiro carbocycle.

In one embodiment of the invention, R, is H and the R,
subsituant is in the S configuration.

In one embodiment of the invention R, is methyl and R, is
methyl.

In one embodiment of the invention R, is methyl, Ry is
methyl, X is NandY is C.

In one embodiment of the invention R, is methyl, Ry is
methyl, X is N, Y is C and A is tetrahydrofuran.

In one embodiment of the invention R, is methyl, Ry is
methyl, X is N, Y is C, A is tetrahydrofuran and R, is H.

In one embodiment of the invention R, is methyl, Ry is
methyl, X is N,Y is C, A is tetrahydrofuran, R, is H and R, is
a C, spiro group.

In one embodiment of the invention the compound is
selected from the group consisting of:
(5R)-3-[4-(1,3-dihydro-2-benzofuran-4-yloxy)phenyl]-5-

methyl-2,4-imidazolidinedione;
(5R)-5-methyl-3-{4-[(3-methyl-1,2-benzisoxazol-4-yl)oxy]

phenyl}-2,4-imidazolidinedione;
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(5R)-3-{4-[(3,6-dimethyl-1,2-benzisoxazol-4-yl)oxy|phe-
nyl}-5-methyl-2,4-imidazolidinedione;
5,5-dimethyl-3-{4-[(3-methyl-1,2-benzisoxazol-4-yl)oxy]
phenyl}-2 4-imidazolidinedione;
(5R)-5-ethyl-3-{6-[(3-ethyl-1,2-benzisoxazol-4-yl)oxy]-3-
pyridinyl }-2,4-imidazolidinedione;
(5R)-5-ethyl-3-(6-{[3-(1-methylethyl)-1,2-benzisoxazol-4-
yl]oxy}-3-pyridinyl)-2,4-imidazolidinedione;
(5R)-3-{4-[(3,3-dimethyl-2,3-dihydro-1-benzofuran-4-yl)
oxy]phenyl}-5-methyl-2 4-imidazolidinedione;
(5R)-3-{6-[(3,3-dimethyl-2,3-dihydro-1-benzofuran-4-yl)
oxy]-3-pyridinyl}-5-methyl-2,4-imidazolidinedione;
(5R)-3-{6-[(3,3-dimethyl-2,3-dihydro-1-benzofuran-4-yl)
oxy]-3-pyridinyl}-5-ethyl-2,4-imidazolidinedione;
(5R)-3-{2-[(3,3-dimethyl-2,3-dihydro-1-benzofuran-4-yl)
oxy]-5-pyrimidinyl}-5-ethyl-2 4-imidazolidinedione;
7-{6-[(3,3-dimethyl-2,3-dihydro-1-benzofuran-4-yl)oxy]-3-
pyridinyl}-5,7-diazaspiro[3.4]octane-6,8-dione;
6-{6-[(3,3-dimethyl-2,3-dihydro-1-benzofuran-4-yl)oxy]-3-
pyridinyl }-4,6-diazaspiro[2.4]heptane-5,7-dione;
3-{6-[(3,3-dimethyl-2,3-dihydro-1-benzofuran-4-yl)oxy]-3-
pyridinyl}-5,5-dimethyl-2,4-imidazolidinedione;
(5R)-3-{2-[(3,3-dimethyl-2,3-dihydro-1-benzofuran-4-yl)
oxy]-5-pyrimidiny1}-5-(1,1-dimethylethyl)-2,4-imidazo-
lidinedione;
(5R)-5-ethyl-3-[6-(spiro[ 1-benzofuran-3,1'-cyclopropan]-4-
yloxy)-3-pyridinyl]-2,4-imidazolidinedione;
5,5-dimethyl-3-[6-(spiro[1-benzofuran-3,1'-cyclopropan]-4-
yloxy)-3-pyridinyl]-2,4-imidazolidinedione;
(5R)-5-ethyl-5-methyl-3-[6-(spiro[ 1-benzofuran-3,1'-cyclo-
propan]-4-yloxy)-3-pyridinyl]-2,4-imidazolidinedione;
(5R)-5-ethyl-3-(6-{[(3S/R)-3-methyl-1,3-dihydro-2-benzo-
furan-4-yl|oxy }-3-pyridinyl)-2,4-imidazolidinedione (di-
astereoisomeric mixture);
(5R)-5-ethyl-3-{6-[(3-methyl-1,3-dihydro-2-benzofuran-4-
yhoxy]-3-pyridinyl}-2,4-imidazolidinedione (diastereoi-
somers 1 and 2);
(5R)-5-ethyl-3-{6-[(3-ethyl-1,3-dihydro-2-benzofuran-4-yl)
oxy]-3-pyridinyl}-2,4-imidazolidinedione (diastereoiso-
meric mixture);
(5R)-5-ethyl-3-{6-[(3-ethyl-1,3-dihydro-2-benzofuran-4-yl)
oxy]-3-pyridinyl}-2,4-imidazolidinedione (diastereoiso-
mers 1 and 2);
5,5-dimethyl-3-{6-[(3-methyl-3,4-dihydro-2H-chromen-5-
yDoxy]-3-pyridinyl}-2,4-imidazolidinedione  (racemate
mixture);
5,5-dimethyl-3-{6-[(3-methyl-3,4-dihydro-2H-chromen-5-
yhoxy]-3-pyridinyl}-2,4-imidazolidinedione (enanti-
omers 1 and enantiomer 2);
5,5-dimethyl-3-{6-[(1a-methyl-1,1a,2, 7b-tetrahydrocyclo-
propa[c]chromen-7-yl)oxy]-3-pyridinyl}-2,4-imidazo-
lidinedione;
5,5-dimethyl-3-{6-[(1a-methyl-1,1a,2, 7b-tetrahydrocyclo-
propa[c]chromen-7-yl)oxy]-3-pyridinyl}-2,4-imidazo-
lidinedione (enantiomer 1 and enantiomer 2);
(5R)-5-ethyl-5-methyl-3-[6-(1H-spiro[2-benzopyran-4,1'-
cyclopropan]-5-yloxy)-3-pyridinyl]-2,4-imidazolidinedi-
one;
3-{2-[(3,3-dimethyl-2,3-dihydro-1-benzofuran-4-yloxy]-5-
pyrimidinyl1}-5,5-dimethyl-2,4-imidazolidinedione;
(5R)-3-{2-[(3,3-dimethyl-2,3-dihydro-1-benzofuran-4-yl)
oxy]-5-pyrimidiny1}-5-(1-methylethyl)-2,4-imidazo-
lidinedione;
(5R)-3-{6-[(2,2-dimethyl-2,3-dihydro-1-benzofuran-4-yl)
oxy]-3-pyridinyl}-5-ethyl-2,4-imidazolidinedione;
5,5-dimethyl-3-[6-(1H-spiro[2-benzopyran-4,1'-cyclopro-
pan]-5-yloxy)-3-pyridinyl]-2,4-imidazolidinedione;
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(5R)-3-[2-(2,3-dihydrospiro[chromene-4,1'-cyclopropan]-5-
yloxy)-5-pyrimidinyl]-5-ethyl-5-methyl-2,4-imidazo-
lidinedione;

5,5-dimethyl-3-{6-[(4-methyl-3,4-dihydro-2H-chromen-5-
yloxy]-3-pyridinyl}-2,4-imidazolidinedione  (racemate

mixture, enantiomer 1, enantiomer 2);
(5R)-5-ethyl-5-methyl-3-{6-[(3-methyl-3,4-dihydro-2H-

chromen-5-yl)oxy]-3-pyridinyl}-2,4-imidazolidinedione

(diastereoisomeric mixture, diastereoisomer 1, diastereoi-

somer 2);
(5R)-5-ethyl-5-methyl-3-[6-(1,1a,2,7b-tetrahydrocyclo-

propa[c]chromen-7-yloxy)-3-pyridinyl]-2,4-imidazo-

lidinedione (diastereoisomeric mixture, diastereoisomer 1,

diastereoisomer 2);
3-{6-[(3-ethyl-1,3-dihydro-2-benzofuran-4-yl)oxy]-3-py-

ridinyl1}-5,5-dimethyl-2,4-imidazolidinedione (racemate

mixture, enantiomer 1, enantiomer 2);

or a pharmaceutically acceptable salt thereof.

In another embodiment of the invention the compound is
selected from the group consisting of:
(5R)-5-ethyl-5-methyl-3-[2-(4-methylchroman-5-y1)oxypy-

rimidin-5-yl]imidazolidine-2,4-dione (diastereoisomeric

mixture, diastereoisomer 1, diastereoisomer 2);
(5R)-5-ethyl-5-methyl-3-[2-(7-methylspiro[2H-benzofuran-

3,1'-cyclopropane]-4-yl)oxypyrimidin-5-yl]imidazoli-

dine-2,4-dione;

(5R)-3-[2-(3,3-dimethylisochroman-5-yl)oxypyrimidin-5-
yl]-5-ethyl-5-methyl-imidazolidine-2,4-dione;

(5R)-5-ethyl-5-methyl-3-[2-(7-methylspiro[ 1 H-isobenzofu-
ran-3,1'-cyclobutane]-4-yl)oxypyrimidin-5-ylJimidazoli-
dine-2,4-dione;

(5R)-5-ethyl-5-methyl-3-{2-[(3,3,7-trimethyl-2,3-dihydro-
1-benzofuran-4-yl)oxy]-5-pyrimidinyl}-2,4-imidazo-
lidinedione;

(5R)-3-{2-[(2,2-difluoro-7-methyl-1,3-benzodioxol-4-yl)
oxy]-5-pyrimidinyl}-5-ethyl-5-methyl-2,4-imidazo-
lidinedione;

(5R)-3-{2-[(2,2-difluoro-1,3-benzodioxol-4-yl)oxy]-5-pyri-
midinyl}-5-ethyl-5-methyl-2,4-imidazolidinedione;

(5R)-5-ethyl-5-methyl-3-{2-[(2,4,4-trimethyl-4H-3,1-ben-
zoxazin-5-yl)oxy]-5-pyrimidiny1}-2,4-imidazolidinedi-
one;

5,5-dimethyl-3-[2-(7-methylspiro[2H-benzofuran-3,1'-cy-
clopropane]-4-yl)oxypyrimidin-5-yllimidazolidine-2,4-
dione;

3-[2-(3,3-dimethylisochroman-5-yl)oxypyrimidin-5-y1]-5,
5-dimethyl-imidazolidine-2.,4-dione;

5,5-dimethyl-3-[2-(7-methylspiro[ 1 H-isobenzofuran-3,1'-
cyclobutane]-4-yl)oxypyrimidin-5-yl|imidazolidine-2,4-
dione;

(5R)-5-ethyl-3-[2-(7-methylspiro[ 2H-benzofuran-3,1'-cy-
clopropane]-4-yl)oxypyrimidin-5-yllimidazolidine-2,4-
dione;

(5R)-5-ethyl-3-[ 6-(7-methylspiro[ 2H-benzofuran-3,1'-cy-
clopropane]-4-yl)oxy-3-pyridyl Jimidazolidine-2.4-dione;

(5R)-5-ethyl-3-{6-[(3,3,7-trimethyl-2,3-dihydro-1-benzofu-
ran-4-yl)oxy]-3-pyridinyl }-2,4-imidazolidinedione;

(5R)-5-ethyl-3-{2-[(3,3,7-trimethyl-2,3-dihydro-1-benzofu-
ran-4-yl)oxy]-5-pyrimidinyl}-2,4-imidazolidinedione;

(5R)-5-ethyl-5-methyl-3-[6-(7-methylspiro[2H-benzofuran-
3,1'-cyclopropane]-4-yl)oxy-3-pyridyl]imidazolidine-2,
4-dione;

(5R)-3-[6-(3,3-dimethylisochroman-5-yl)oxy-3-pyridyl]-5-
ethyl-5-methyl-imidazolidine-2.4-dione;

(5R)-3-[6-[(3,3-diethyl-1H-isobenzofuran-4-yl)oxy|-3-py-
ridyl]-5-ethyl-5-methyl-imidazolidine-2,4-dione;
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(5R)-5-ethyl-5-methyl-3-[6-[(2,4,4-trimethyl-3,1-benzox-
azin-5-yl)oxy]-3-pyridyl]imidazolidine-2.4-dione;
(5R)-3-{6-[(3,3-dimethyl-1,3-dihydro-2-benzofuran-4-yl)
oxy]-3-pyridinyl}-5-ethyl-5-methyl-2,4-imidazolidinedi-
one;
5,5-dimethyl-3-[6-(7-methylspiro[2H-benzofuran-3,1'-cy-
clopropane]-4-yl)oxy-3-pyridyl]limidazolidine-2,4-dione;
or a pharmaceutically acceptable salt thereof.

For the avoidance of doubt, the embodiments of any one
feature of the compounds of the invention may be combined
with any embodiment of another feature of compounds of the
invention to create a further embodiment.

The term ‘halo’ or ‘halogen’ as used herein, refers to a
fluorine, chlorine, bromine or iodine atom. Particular
examples of halo are fluorine and chlorine, especially fluo-
rine.

When the compound contains a C,_,alkyl group, whether
alone or forming part of a larger group, e.g. C,_,alkoxy, the
alkyl group may be straight chain, branched, cyclic, or a
combination thereof. Examples of C, jalkyl are methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-
butyl, cyclopropyl and cyclobutyl. A particular group of
exemplary C,_,alkyl groups are methyl, ethyl, n-propyl, iso-
propyl, n-butyl, isobutyl, sec-butyl, tert-butyl. An example of
C, _,alkoxy is methoxy.

The term ‘haloC, ,alkyl’ as used herein, includes straight
chain, branched chain or cyclic alkyl groups containing 1 to 4
carbon atoms substituted by one or more halo atoms, for
example fluoromethyl, diffuoromethyl and trifluoromethyl. A
particular group of exemplary haloC, _, alkyl include methyl
and ethyl groups substituted with one to three halo atoms, in
particular one to three fluoro atoms.

The term “haloC, _,alkoxy’ as used herein, includes straight
chain, branched chain or cyclic alkoxy groups containing 1 to
4 carbon atoms substituted by one or more halo atoms, for
example fluoromethoxy, difluoromethoxy and trifluo-
romethoxy. A particular group of exemplary haloC, _, alkyl
include methoxy and ethoxy groups substituted with one to
three halo atoms, in particular one to three fluoro atoms.

The term ‘5 or 6 membered saturated or unsaturated het-
erocycle, with at least one O atom’ includes for example
furan, oxazole, isoxazole, oxadiazole, tetrahydrofuran,
pyran, tetrahydropyran, dioxolane, dioxan, morpholine, and
oxazoline.

It will be appreciated that for use in medicine the salts of
the compounds of formula (I) should be pharmaceutically
acceptable. Suitable pharmaceutically acceptable salts will
be apparent to those skilled in the art. Pharmaceutically
acceptable salts include those described by Berge, Bighley
and Monkhouse J. Pharm. Sci. (1977) 66, pp 1-19. Such
pharmaceutically acceptable salts include acid addition salts
formed with inorganic acids e.g. hydrochloric, hydrobromic,
sulphuric, nitric or phosphoric acid and organic acids e.g.
succinic, maleic, acetic, fumaric, citric, tartaric, benzoic,
p-toluenesulfonic, methanesulfonic or naphthalenesulfonic
acid. Other salts e.g. oxalates or formates, may be used, for
example in the isolation of compounds of formula (I) and are
included within the scope of this invention.

Certain of the compounds of formula (I) may form acid
addition salts with one or more equivalents of the acid. The
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present invention includes within its scope all possible sto-
ichiometric and non-stoichiometric forms.

The compounds of formula (I) may be prepared in crystal-
line or non-crystalline form and, if crystalline, may optionally
besolvated, e.g. as the hydrate. This invention includes within
its scope stoichiometric solvates (e.g. hydrates) as well as
compounds containing variable amounts of solvent (e.g.
water).

It will be understood that the invention includes pharma-
ceutically acceptable derivatives of compounds of formula (I)
and that these are included within the scope of the invention.

As used herein “pharmaceutically acceptable derivative”
includes any pharmaceutically acceptable ester or salt of such
ester of a compound of formula (I) which, upon administra-
tion to the recipient is capable of providing (directly or indi-
rectly) a compound of formula (I) or an active metabolite or
residue thereof.

It is to be understood that the present invention encom-
passes all isomers of formula (I) and their pharmaceutically
acceptable derivatives, including all geometric, tautomeric
and optical forms, and mixtures thereof (e.g. racemic mix-
tures). Where additional chiral centres are present in com-
pounds of formula (I), the present invention includes within
its scope all possible diastereoisomers, including mixtures
thereof. The different isomeric forms may be separated or
resolved one from the other by conventional methods, or any
given isomer may be obtained by conventional synthetic
methods or by stereospecific or asymmetric syntheses.

The subject invention also includes isotopically-labeled
compounds which are identical to those recited in formula (I)
but for the fact that one or more atoms are replaced by an atom
having an atomic mass or mass number different from the
atomic mass or mass number most commonly found in
nature. Examples of isotopes that can be incorporated into
compounds of the invention include isotopes of hydrogen,
carbon, nitrogen, oxygen, fluorine, iodine and chlorine such
as °H, ''C, *C, *®F, 1**I or **’1. Another isotope of interest is
13C.

Compounds of the present invention and pharmaceutically
acceptable salts of said compounds that contain the afore-
mentioned isotopes and/or other isotopes of other atoms are
within the scope of the present inv